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Description 


METHOD FOR PREDICTING 
LIFE-AFFECTING DAMAGE ON A ROTARY 
MEMBER 

Cross Reference to Related Applications 

[0001] The present application is a continuation patent applica- 
tion of International Application No. PCT/SE02/00879 
filed 7 May 2002 which was published in English pursuant 
to Article 21(2) of the Patent Cooperation Treaty, and 
which claims priority to Swedish Application No. 
0102479-3 filed 10 July 2001. Both applications are ex- 
pressly incorporated herein by reference in their en- 
tireties. 
Background of Invention 

Field of the Invention 

[0002] The present invention relates to a method for predicting 
life-affecting damage on a rotary member that is sub- 
jected to repeated loading during operation. The method 


includes measuring a number of operating parameters 
and calculating a temperature increase during each load- 
ing from the operating parameters. A total temperature in 
a part of the rotary member is calculated for each loading 
by summation of a basic temperature of the rotary mem- 
ber before the loading concerned, and the temperature 
increase, and the values for the total temperature are used 
as a measure of the damage. 

[0003] The invention will be described below in a case where the 
rotary member consists of a brake disk in the service 
brake of a vehicle. This is to be regarded as a preferred, 
but in no way limiting application of the invention. The 
rotary member can also consist of, for example, a clutch 
disk in the clutch of a vehicle or a gearwheel in the trans- 
mission of a vehicle. 

[0004] The invention can be applied in, for example, a means of 
transport, such as a vehicle, a craft or other transport- 
types of equipment such as rail-mounted transport 
means. Application may also be made in such land vehi- 
cles, such as vehicles having wheels or caterpillar tracks. 
The invention is in particular suitable for application in a 
construction machine, such as awheel loader, excavating 
machine or a frame-steered or articulated vehicle, also re- 


ferred to as a dumper. The area of application of the in- 
vention is nevertheless not limited to these applications, 
and it can also be applied in stationary arrangements. 
Background Art 

[0005] us 5,723,779 describes a system for producing an indica- 
tion of the remaining life of a friction clutch. It is assumed 
that the temperature of the clutch disk is a decisive pa- 
rameter for its life. The temperature of the clutch disk is 
determined by summation of a temperature increase on 
activation of the clutch and the basic temperature of the 
clutch disk before activation of the clutch. These two val- 
ues are therefore added, and a measure of the tempera- 
ture of the clutch disk during activation is obtained. A 
large number of parameters are measured for the calcula- 
tion: speed difference in the clutch, pressure of the oil 
supplied to the piston that brings about engagement of 
the clutch, and loading time. The temperature of the 
coolant of the clutch is also measured. This temperature 
is used as a measure of the basic temperature of the 
clutch disk before every brake application. 

[0006] However, it has become apparent that it would be desir- 
able to have a method for predicting consumed life, which 
provides a more accurate result compared with the system 


according to US 5,723,779. 
[0007] it ma y furthermore be mentioned that methods are avail- 
able for accurate calculation of temperature distribution in 
a loaded rotary member, such as FEM (Finite Element 
Methods). However, such methods require great computer 
power and take a relatively long time, which makes them 
less suitable for certain applications, such as in high- 
frequency measurement, calculation and logging of data, 
and especially when the calculation is to be performed in 
a computer in a vehicle. 
Summary of Invention 

[0008] one object of the invention is to provide a method that 

yields an accurate prediction of damage caused in a rotary 
member that is loaded in operation in an effective manner 
in terms of computer capacity. 

[0009] This object is achieved by virtue of the fact that that part 
of the rotary member for which the total temperature is 
calculated defines a surface that is acted on when the ro- 
tary member is loaded. Two sets of predetermined func- 
tions, which each comprise at least one function, are used 
for temperature-increase calculation. The set used for 
temperature-increase calculation is selected depending 
on at least the nature of the rotary member. 


[0010] The surface temperature of a rotary member in the form 
of, for example, a brake disk constitutes a good measure 
of damage/wear to the disk. On the basis of surface- 
temperature changes, the remaining life of the disk can be 
calculated. 

[° 01 1 ] It has been found that the total temperature of the rotary 
member can be described in a very accurate manner with 
only the two sets of functions. In this way, opportunities 
are afforded for calculating and logging, in an effective 
manner in terms of time and computer capacity, the val- 
ues for calculating damage caused/life consumed. 

[0012] Characteristics of the rotary member are determined, at 
least in part, based on the member's internal structure, 
external dimensions, the material of its construction, the 
material properties and the thickness of the rotary mem- 
ber. According to the embodiment described below, the 
function used for temperature-increase calculation is se- 
lected depending not only on the nature of the rotary 
member, but also on the duration in time of the loading. 

[0013] According to a preferred embodiment of the invention, the 
time for which the rotary member is applied is measured, 
and the set of functions used for each specific tempera- 
ture-increase calculation is also selected depending on 


this time. More precisely, a constant is calculated after ev- 
ery loading on the basis of both the nature of the rotary 
member and the loading time. When a calculated value of 
the constant lies below a predetermined limit value, a first 
set of functions is used, and when a calculated value lies 
above the limit value, a second set of functions is used. It 
has been found that it is possible to define the tempera- 
ture-change characteristic of the rotary member very ac- 
curately with the sets of functions in a simple manner 
which is effective in terms of computer capacity. In other 
words, the limit value is used to define which function is 
to be used, and the calculation is then performed with the 
selected function. 
[0014] According to another preferred embodiment of the inven- 
tion, the specific function that is used for temperature-in- 
crease calculation is selected from a specifically selected 
set of functions depending on loading type. Loading type 
means the shape of the loading, which may be, for exam- 
ple, triangular or rectangular. From the measured operat- 
ing parameters, the loading type is therefore defined first, 
after which a function belonging to the specific loading 
type is selected. In this way, it is possible to calculate the 
temperature increase with great accuracy. 


[0015] According to another preferred embodiment of the inven- 
tion, each of the sets comprises only one function, which 
is thus selected irrespective of loading type. In this way, 
the temperature increase can be calculated in an effective 
manner in terms of computer capacity. 

[0016] According to another preferred embodiment of the inven- 
tion, each of the graphs of the functions has such a shape 
that a logarithmic first expression for the temperature in- 
crease changes linearly as a function of a logarithmic sec- 
ond expression for the nature of the rotary member and 
the duration in time of the loading. More precisely, the 
second expression is calculated as a power function of the 
duration in time of the loading divided by a value for the 
nature of the rotary member. This calculation of the tem- 
perature increase affords opportunities for a very accurate 
value of damage caused/life consumed. 

[0017] According to another preferred embodiment of the inven- 
tion, the total temperature value produced, or a converted 
damage value, for each loading instance is stored in a po- 
sition in a memory, which position defines a specific tem- 
perature range or damage range. In this way, opportuni- 
ties are afforded for using the part damage theory. More 
precisely, the damage or consumed life is calculated on 


the basis of the number of times each specific range has 
been reached and knowledge of the damage durability of 
the rotary member. 

[0018] According to another preferred embodiment of the inven- 
tion, the time between two successive loading cycles is 
measured, and a new basic temperature for the later load- 
ing is determined with the aid of the measured time. In 
this way, opportunities are afforded for taking into ac- 
count what happens to the rotary member between two 
loadings. More precisely, the new basic temperature for 
the later loading is calculated with an expression for a 
cooling process of the rotary member after the preceding 
loading has ended. This results in increased accuracy in 
the calculation method. 

[0019] Traditionally, calculation of the surface temperature of the 
disk has been based on measurements of the temperature 
of the cooling oil supplied to the disk. A disadvantage of 
using the cooling-oil temperature for calculating the sur- 
face temperature is that this is a relatively inaccurate 
measure of the surface temperature, especially when 
loading of the disk has just ended and also when opera- 
tion of the brake that includes the disk begins. 
Brief Description of Drawings 


[0020] The invention will be described in greater detail below 

with reference to the embodiments shown in the accom- 
panying drawings, in which: 

[0021] FIG. 1 shows a block diagram of a system for implement- 
ing the method according to the invention; 

[0022] FIG. 2 shows two graphs for two functions that are used in 
calculating the temperature increase according to a first 
embodiment; 

[0023] FIG. 3 shows four graphs for two sets with two functions 
each which are used in calculating the temperature in- 
crease according to a second embodiment; 

[0024] FIG 4 shows a graph of the surface temperature of the 
brake disk as a function of time in the case of two brake 
applications; and 

[0025] FIG. 5 shows a relationship between maximum surface 
temperature and the number of loading cycles in a dia- 
gram. 
Detailed Description 

[0026] Figure 1 diagrammatically shows in block format a system 
1 for implementing a method for predicting damage to, or 
consumed life of, a member 2 intended for rotation and 
having surfaces subjected to friction. In the description 
below, the rotary member 2 is exemplified by a brake disk 


for the purpose of facilitating understanding of the dis- 
closure. It is assumed that the temperature changes in the 
brake disk during brake applications have decisive signifi- 
cance for the disk's life. By means of the method below, 
consumed life of the brake disk is therefore predicted on 
the basis of these temperature changes. 

[0027] The damage to the brake disk is described by means of an 
approximate description of the dependence of the surface 
temperature on measured data. Each brake application 
produces a temperature cycle of the brake disk. As de- 
scribed further below, the life of the brake is described by 
the number of surface-temperature cycles in the form of a 
power function (Figure 5) in an analogous manner to the 
S/N curve obtained in the case of fatigue. 

[0028] with the aid of a part damage theory, the damage durabil- 
ity consumed by the braking cycles in relation to damage 
durability obtained from tests is then calculated. 

[0029] The system 1 comprises (includes, but is not limited to) a 
control unit (CPU) 3 and, connected operationally to this, a 
first sensor 4 for detecting the rotational speed of the 
brake disk 2, a second sensor 5 for detecting a pressure 
applied to the brake disk or a force in order to activate the 
brake disk, and a third sensor 6 for detecting the time for 


which the brake disk is applied. 

[0030] The measurements of the operating parameters are per- 
formed at predetermined time intervals. The time intervals 
are sufficiently small that a large number of measure- 
ments will be made during each loading. The intervals be- 
tween the measurements can also be different during 
loading and during the time between two loadings. The 
intervals between the measurements can, for example, be 
smaller during loading than when the rotary member is in 
an unloaded state. 

[0031] The system 1 also comprises means 7, connected to the 
control unit 3, for calculating a total temperature on the 
surface of the brake disk 2 and also means 8 for storing 
calculated data. The total temperature is referred to below 
as surface temperature for the purpose of facilitating un- 
derstanding of the text. 

[0032] The control unit 3 delivers an output signal 9 with a value 
of the damage caused to the disk during operation or the 
consumed life of the brake disk 2. 

[0033] According to a method of the invention, a maximum tem- 
perature on the surface of the brake disk 2 is calculated 
by summing a basic temperature before a brake applica- 
tion with a temperature increase during the brake applica- 


tion. A description is given below of, first, calculation of a 
maximum temperature increase on the surface and, then, 
calculation of the basic temperature for a subsequent 
brake application. The total temperature in that part of 
the rotary member that defines a friction surface is re- 
peatedly calculated. 

[0034] Calculation of Temperature Increase: According to the 

present invention, a value for what is known as a Fourier 
constant, Fo, is calculated first. This Fourier constant is 
dependent on the material thickness and other character- 
istics of the brake disk, and also the time for which the 
brake disk is activated. More precisely, the Fourier con- 
stant, Fo, is calculated as follows: 

[0035] fo = 4*a*t/S 2 , where 

[0036] a= \/(p*c) = the thermal diffusivity constant 

[0037] \= thermal conductivity 

[0038] p = density 

[0039] c = heat capacity 

[0040] t = t i me t he disk is applied 

[0041] s = thickness of disk 

[0042] According to a first embodiment of the invention, one of 


two different functions K, L (See Figure 2) is selected on 
the basis of the Fourier constant calculation. Each of the 
functions is described by a straight line in the diagram. 
The two linear functions have different slope coefficients 
and intersect one another. With the aid of the function se- 
lected, an expression for the temperature increase is ob- 
tained. More precisely, the diagram has the Fourier con- 
stant on the x-axis and the expression for the tempera- 
ture increase on the y-axis. Both the x-axis and the y- 
axis have logarithmic scales. In the specific embodiment, 
the first function K is used when Fo is less than 0.5 and 
the second function L when Fo is greater than 0.5. 

[0043] The temperature increase is then calculated from the ex- 
pression for the temperature increase. 

[0044] The two linear functions K and L in Figure 2 are produced 
in the following way: 

[0045] From reference [1], an expression is previously known for 
calculating a maximum temperature increase AT on the 
surface. 

[0046] AT = ATo (1+ 0.15*Fo -1 . 9 ) (1) 
[0047] ATo = 2*E/(p*c*S), where 
[0048] e = energy of the thermal pulse 


[0049] p = density 

[0050] c = heat capacity 

[0051] s = thickness of disk 

[0052] This applies for a triangular thermal pulse on the disk. 

[0053] From reference [2], an expression is derived for the sur- 
face temperature in the case of a rectangular thermal 
pulse. In an analogous manner to calculation (1) above, 
this can be converted to: 

[0054] AT = ATo(l+ 1/ (3*Fo)) (2) 

[0055] The functions (1) and (2) apply when Fo greater than 0.5. 

[0056] According to the first preferred embodiment of the inven- 
tion, fitting was carried out of the curves for the two func- 
tions (1) and (2) and also the values from FEM calculations 
performed. The curve fitting showed that the maximum 
temperature increase AT on the surface can be described 
with great accuracy with a power function, namely the 
function L. This function can generally be expressed as 
follows: 

[0057] A=B* (t/to) q (3) 

[0058] where t/to=Fo, t being = the duration of the thermal 

pulse, and to = S 2 /(4*a) being a constant characteristic of 


the disk. 

[0059] g anc | q are constants that express the position and the 

slope of the curve, respectively. A is an expression for the 
temperature increase according to the following: 

[0060] AT/ATo-l = l/A(4) 

[0061] The specific expression for the function for the fitted 

curve L can be produced with known curve-fitting meth- 
ods. This expression is therefore used as a function for 
calculating the maximum temperature increase AT on the 
surface for Fo is greater than 0.5. 

[0062] From references [1] and [3], it is possible to obtain from 
the diagram parameter values for a corresponding for- 
mula when Fo is less than 0.5. In other words, the func- 
tion (3) applies with other constants B and q when Fo is 
less than 0.5. 

[0063] Fitting was carried out of the parameter values produced 
and also the values from FEM calculations performed. This 
curve fitting also showed that it is possible to describe the 
maximum temperature increase AT on the surface with 
great accuracy with the linear function K for Fo less than 
0.5. 

[0064] The two linear functions K, L produced proved to give 

great accuracy in the calculation of the maximum temper- 


ature increase AT on the surface. The calculations can 
moreover be performed in an effective manner in terms of 
computer capacity. 

[0065] According to a second preferred embodiment of the in- 
vention, the abovementioned total appraisal or curve fit- 
ting of the function for triangular load and the function 
for rectangular load in order to arrive at a function (K and, 
respectively, L) is not carried out. Use is instead made of a 
first set M of two functions Ml, M2 when Fo is below a 
specific limit value and a second set N of two functions 
Nl, N2 when Fo is above this specific value (Figure 3). The 
two functions in each of the sets M, N correspond to dif- 
ferent loading types. More precisely, the functions Ml and 
Nl describe a rectangular load, and the functions M2 and 
N2 a triangular load. 

[0066] The type of load shape being applied to the brake disk is 
determined on the basis of measured operating parame- 
ters. The first function Ml and, respectively, Nl are used 
if being applied to a rectangular load, and the second 
function M2 and, respectively, N2 are used if being ap- 
plied to a triangular load. The limit value used for Fo is 
0.5 in this case as well. 

[0067] Loading shape: To determine loading type, the rotational 


speed (v) of the brake disk 2, the pressure (p) applied, and 
the time (t) for which the brake disk is applied are mea- 
sured by means of the sensors 4-6. With the aid of the 
values measured in this way, the energy (E) in a brake ap- 
plication is calculated according to: 
[0068] E=I(k*p*v*dt) (5) 

[0069] where k is a proportionality constant. 

[0070] For what is known as a triangular load, E=Pmax*t/2, and 
for a rectangular load, E=Pmax*t, where Pmax is the max- 
imum power and t is the braking time. E/(Pmax*t) is 
therefore calculated, which provides a measure of the 
shape of the loading. The calculated value E/(Pmax*t) is 
compared with a limit value if the calculated value lies 
above the limit value, the load type is considered to be 
rectangular, and if the calculated value lies below the limit 
value, the load type is considered to be triangular. The 
limit value is selected in the time range 0.5-1.0, and suit- 
ably the value 0.8 is selected. The value 0.5 corresponds 
to a pure triangular pulse, and the value 1.0 corresponds 
to a pure rectangular pulse. Use is then made of the func- 
tion that corresponds to the value worked out. 

[0071] Calculation of the Basic Temperature: According to the in- 


vention, an estimate is made of the temperature on the 
surface of the brake disk immediately before the next 
braking begins. This is explained below with reference to 
Figure 4. The starting point is the calculated final temper- 
ature of the surface of the brake disk after a brake appli- 
cation. The time until the next brake application is mea- 
sured and, via an estimate of the cooling process, the ba- 
sic temperature for the next brake application is calcu- 
lated. 

[0072] From an initial temperature Tu (Figure 4), we have a sur- 
face temperature Tu+AT on the brake disk immediately 
after braking. However, the temperature in the disk is 
evened out quickly to Tu+ATo, which represents the tem- 
perature at which the cooling process begins. The tem- 
perature difference between the brake disk and its envi- 
ronment when cooling begins is therefore Tu+ATo-Tk, 
where Tk is the temperature of the cooling element. If the 
time until the next braking is tn, we have the temperature 
Tn when the next braking begins. 

[0073] Tn = T k +(Tu+ATo-Tk)*exp(-tn/kt) (6) 

[0074] where kt = m*c/(K*A) = the time constant for the cooling 

process, which is known. 
[0075] K= t he cooling constant W/(m2*K) 


[0076] a = the cooling area 
[0077] m = t he mass 

[0078] ATo has been calculated with the functions described 

above in connection with Figures 2 and 3. Time measure- 
ment gives the time tn, which allows calculation of Tn be- 
cause other parameters are known. The calculated value 
Tn constitutes the basic temperature for the next brake 
application. 

[0079] | n order to reduce the risk of the calculated initial temper- 
ature Tu (and thus the maximum surface temperature cal- 
culated on the basis of the initial temperature) increasing 
unlimitedly as a consequence of an incorrectly selected 
constant or the like in the calculation, it is proposed that 
the temperature of the coolant is measured in a relatively 
long interval between two brake applications and that this 
value is used as a new initial temperature for the temper- 
ature calculation for the later brake application. Here, it is 
assumed that, in the relatively long time interval, the 
brake disk has approximately the same temperature as 
the coolant. 

[0080] Total Surface Temperature: By summing the value worked 
out for the basic temperature with the calculated temper- 


ature increase for subsequent brake application, a value is 
obtained for a maximum total temperature. In this way, 
increased accuracy is obtained, especially in the case of 
repeated brake applications with such small mutual sepa- 
rations in time that the disk does not have time to return 
to its previous basic temperature between brake applica- 
tions. 

[0081] Logging of Data: In a matrix in the memory of the system, 
the number of times the surface temperature of the brake 
disk reaches each of a large number of specific, predeter- 
mined temperature ranges is stored (or logged). In other 
words, the number of braking cycles that reach different 
energy levels is stored. Generally, it can be that the num- 
ber of braking cycles is stored in classes that correspond 
to different energy, damage and/or temperature ranges. 

[0082] Calculation of Remaining/Consumed Life: Figure 5 shows 
a relationship between maximum total temperature and 
number of braking cycles for wearing-out using log-log 
scales. The relationship consists of two linear functions 0, 
P with different slopes. The reason why two curves are 
used is that the lining on the brake disk is broken down at 
high temperature and has a tendency to char. This is be- 
cause, at high temperatures for linings made of paper, a 


chemical process, carbonization, takes place. The upper 
curve 0, on the left in the figure, describes the strength in 
a brake disk, the lining of which has reached such a high 
temperature that charring has started. 
[0083] The slope of the curves and the break-point between the 
upper curve 0 and the lower curve P are obtained from rig 
testing. The slope of the left, upper curve 0 may, however, 
be difficult to produce with great accuracy and, in such a 
case, it can be estimated with, for example, the Arrhenius 
function. 

[0084] a value for initial life of the rotary member is therefore 
calculated by means of real tests carried out, and this 
value is used for calculating the remaining life. 

[0085] jhe strength of the brake disk is described by 

[0086] T ml *N = CKapplies for the curve P) 

[0087] T m2 *N = C2(applies for the curve O), 

[0088] w here 

[0089] j j S maximum surface temperature, 

[0090] n j S the number of braking cycles, and 

[0091] m i j m 2 j ci, C2 are parameter values determined from rig 
testing. 


[0092] with the aid of a linear part damage theory 

(Palmgren-Miner), two accumulated damage values are 
evaluated from the measurements 

[0093] Dl = S (Tml*nl) (applies for the curve P) 

[0094] D2 = S (Tm2*n2) (applies for the curve O), 
[0095] W here 

[0096] j j S maximum surface temperature, 

[0097] d j S damage value per unit of time or distance (damage 
per hour or damage per kilometer), andnl and n2 are the 
number of braking cycles per temperature level and unit 
of time or distance. 

[0098] T he part damage value d = L*D1/C1 + L*D2/C2 

[0099] where L is the use time L = d/(Dl/Cl + D2/C2) 

[0100] \f t for wearing-out, it is considered that the part damage 

value is d = l, then 
[0101] ufe = 1/(D1/C1 + D2/C2) 

[0102] is obtained. 

[0103] it is also possible to calculate the remaining use time La 
as follows: the use time L and the corresponding part 
damage value are known according to the above. If it is 


assumed that the part damage is d = l for a worn-out 
component, 
[0104] |_a=L*(l-d)/d 

[0105] is obtained. 

[0106] it may also be mentioned that there is no break-point for 
some types of lining, which of course simplifies the calcu- 
lations above somewhat. 

[0107] The invention is not to be regarded as being limited to the 
illustrative embodiments described above, but a number 
of further variants and modifications are possible within 
the scope of the patent claims. 

[0108] For example, the prediction of damage/consumed life de- 
scribed above can be carried out for crack formation in 
brake disks or linings. Cracked brake disks are a not un- 
familiar phenomenon. There is a close connection be- 
tween stresses/strains and temperature and gradients. As 
we are measuring temperature and number of braking cy- 
cles, we have a basis for predicting the time of initiation 
and growth of cracks in disks and plates. This presup- 
poses, like the case for wear, that we have carried out rig 
tests that describe the relationship between temperature 
cycles and crack formation. This can also be described 


with power functions and thus be handled in an analogous 
manner to wear as above. An example of calculation of 
crack formation in brake disks or linings is described be- 
low. 

[0109] The surface of a solid body suddenly undergoes a tem- 
perature increase dT, which results in a compressive 
stress, St, on the surface which, according to reference 
[4], is 

[0 11 0] St = dT*a*E/(l-v) 

[0111] where a= the thermal expansion constant (1/degree) 
[0112] e = the modulus of elasticity 
[0113] v = Poisson's constant 

[0114] As can be seen, the stress is linear with the temperature 
increase. Even though crack formation is much more 
complex, for example the thermal expansion on the sur- 
face plasticizes parts which, after cooling, are affected by 
tensile stresses, an indication is nevertheless obtained 
that the stress level is related to temperature increases 
and gradients. Crack formation and growth are, as known, 
related to stress variation. 

[0115] Consequently, it is possible to determine with rig tests a 
relationship between the maximum surface temperature 


and the number of braking cycles for cracks in a disk or 
lining. This produces Wohler curves (S/N curves or, more 
correctly, T/N curves) in an analogous manner to those 
used above for determining time until wearing-out. 

[0116] At high temperatures, the strains can be so great that we 
obtain different slopes in the Wohler diagram. By intro- 
ducing one or more break-points, these problems can 
also be handled in an analogous manner to the break- 
point method in the wear case. 

[0117] jo sum uPj jt is therefore possible to handle the crack 
problem in an entirely analogous manner to the wear 
problem. 

[0118] According to another example, the prediction of damage/ 
consumed life described above can be performed for a 
gearwheel in a gear train. A certain wear phenomenon on 
gears can be treated using the same model as was used 
above for brakes. Such wear occurs in connection with 
transmission of relatively great torques at high sliding 
speeds. The critical problem consists in carrying away 
sufficiently rapidly the heat generated in the engagement 
by the friction. The problem is therefore analogous to the 
problem we solved for brakes. The damage durability is 
obtained from rig tests. Time-integrated torque and 


speed provide a measure that is proportional to the en- 
ergy developed in the contact surfaces. Periods with high 
torques/speeds can be regarded like the braking cycles as 
above. More precisely, the oil film between two contact 
surfaces can be broken down at high loads, which pro- 
duces considerable tooth wear. The time between load- 
ings is the time it takes for a gearwheel contact surface 
intended for engagement to move to the next engage- 
ment instance. 
1Q ] The following background documents are hereby ex- 
pressly incorporated for purposes of disclosure in the 
present application, and for reference by concerned per- 
sons skilled in the relevant art: Lauster, E. and Staberoh, U 
"Wametechnische Berechnungen bei Lamellenkupplun- 
gen"VDI-Z 115 (1973); Kruger, H. "Das Temperaturverhal- 
ten der nassen Lamellenkupplungen"Konstruktion 17 
(1963); Tataiah, K. "An Analysis of Automatic Transmis- 
sion Clutch-Plate Temperatures"SAE 720287; Roark, Ray- 
mond J. "Formulas for stress and strain." 


